P renatal diagnosis of aortic coarctation (AoCo) is feasible and has been shown to improve survival of affected neonates. 1 However, AoCo represents the main determinant of both false negative and false positive diagnoses of congenital heart disease (CHD) in the fetus. 2 3 As a primary lesion, it accounts for 7.1-8.3% of CHD in fetal series and is significantly associated with chromosomal and extra-cardiac anomalies. 2 3 We report here a retrospective analysis conducted on a population of 68 fetuses diagnosed with AoCo confirmed at necropsy or after birth.
The objectives of this study are to analyse the characteristics, associations, and outcome of AoCo when diagnosed in the fetus and to evaluate the prognostic impact of these characteristics on survival.
METHODS
This study is an observational analysis including all fetuses with a primary diagnosis of isolated AoCo seen at two referral centres over an eight year period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . Of the original 166 fetuses, 98 were excluded (association with other major CHDs in 71 cases, lesion unconfirmed at birth in 18 cases, necropsy/surgical confirmation not available in nine cases). The remaining 68 cases with confirmed AoCo represent the study population. All fetuses underwent fetal echocardiography and a detailed anomaly scan. All examinations were performed with high resolution ultrasound systems (Prosound 5000 and 5500 Aloka, Tokyo, Japan; Toshiba Powervision 6000, Tokyo, Japan). The following variables were entered in the analysis: indication for fetal echocardiography; gestational age at diagnosis; additional ventricular septal defect (VSD); additional bicuspid aortic valve (BAV); associated extra-cardiac anomalies; karyotype; fetal growth restriction (FGR); pregnancy and neonatal outcome. Karyotype was available in 57/68 (83.8%) cases. Fetal growth data were available in 66/68 (97%) cases.
Statistical analysis was performed using the SPSS 8.0 package for Windows 98 (SPSS, Illinois). Differences in frequencies and means were assessed by x 2 test and one way analysis of variance (ANOVA) test, respectively. Multivariate logistic regression analysis was employed to evaluate impact of different binary variables on survival; probability values of p , 0.05 were considered significant. Significance was expressed by odds ratio with confidence intervals.
RESULTS
Mean gestational age at the time of diagnosis was 25.1 weeks (range 17-37 weeks), with 34/68 cases diagnosed , 24 weeks of gestation. Indication for fetal echocardiography was: suspicion of CHD in 34 cases (50.0%); extra-cardiac anomalies in 23 cases (33.8%); positive family history in five cases (7.4%); other indications in six cases (8.8%). Of the 68 cases, 29 (42.7%) had an additional VSD and 10 (14.7%) a BAV, with 24/29 VSDs and 5/10 BAV detected prenatally. Extra-cardiac anomalies were associated in 27/68 cases (39.7%) (table 1 ). An abnormal karyotype was present in 20/57 cases in which it was known, which yields an aneuploidy rate of 35.1% (29.4% of the whole series) (table 1) . FGR was present in 29.4% of all cases (20/68) and in 21.6% (8/37) of euploid ones. In the latter group, six cases had a birth weight , 5th centile (5 , 1500 g) and two , 10th centile. In these five cases, gestational age at delivery ranged between 31-34 weeks.
Feto-neonatal outcome was as follows: 21 (30.9%) terminations of pregnancy, 4 (5.9%) intrauterine deaths, 7 (10.3%) early neonatal deaths, 5 (7.4%) late postoperative deaths, and 31 (45.6%) survivors. Mean gestational age at birth was 38.3 weeks (range 31-41 weeks). Of the 12 dead neonates, major extra-cardiac anomalies were present in two cases (normal birth weight) and five cases had a birth weight , 1500 g. Excluding cases undergoing termination of pregnancy and those with extra-cardiac or chromosomal anomalies, the adjusted overall survival rate is 79.3% (23/29), with no significant difference between isolated coarctation and coarctation plus VSD (85.7% v 73.3%). Considering only cases diagnosed at 24 weeks gestation or earlier, 58.8% (20/34) underwent termination of pregnancy. However, 15 (75%) of them had associated chromosomal or extra-cardiac anomalies.
The impact of the above mentioned variables on survival was then evaluated in a multivariate logistic regression model with survival as dependent variable. The following binary Abbreviations: AoCo, aortic coarctation; BAV, bicuspid aortic valve; CHD, congenital heart disease; FGR, fetal growth restriction; VSD, ventricular septal defect variables were entered in the model: additional VSD; extracardiac anomalies; karyotype; FGR. According to the multivariate analysis, which excluded cases undergoing termination of pregnancy and those with an abnormal karyotype, the only significant independent prognostic factor was the presence of FGR; survival was 88.0% in appropriately grown fetuses and 37.0% in growth retarded ones (n = 33, odds ratio 11.73, 95% confidence interval 1.59 to 86.47; p , 0.01).
DISCUSSION
The first issue to take into consideration is that the rate of additional intra-cardiac lesions detected in this fetal series is consistent with postnatal data: 42.7% v 37-53% for VSDs, 4 and 14.7% v 18.8% for BAV. As to the already reported high association rate with extra-cardiac and chromosomal anomalies, our figures are consistent with the those of Allan and coworkers 2 (29.4% and 29%, respectively) but significantly higher than the 11.8% reported postnatally. 4 The significant discrepancy with postnatal figures is easily explained considering the high number of referrals for extra-cardiac anomalies (34% of the whole series), which is likely to have acted as a selection bias; in fact, 15/20 cases with an abnormal karyotype had major extra-cardiac abnormalities detected at routine ultrasound, whereas minor anomalies were detected in the remaining five cases only after referral.
However, we believe that the most interesting finding of this report is the strong prognostic significance of FGR shown by the multivariate logistic regression analysis. In this series, growth restriction complicated 21.6% of euploid cases and was responsible, among euploid fetuses not undergoing termination of pregnancy, for a significant drop in survival (p , 0.01). This finding should be kept in mind while counselling patients about the surgical outcome of prenatally diagnosed coarctation, for weight represents one of the most important variables affecting neonatal survival in cardiac surgery, 5 and has been shown here to also play a role when detected prenatally. However, since the incidence of FGR in the present series is not that different from the incidence seen in small for gestational age neonates in the BaltimoreWashington infant study (21.6% v 15.4%), 4 some other factors could be responsible for the overall surgical mortality, which is higher than that reported in most surgical cohorts (79% v 90-95%). 5 The relatively small population size, barely relevant in comparison with the robust populations of the Baltimore-Washington infant study, is the most likely explanation for this significant discrepancy. 4 In addition, the presence of major extra-cardiac anomalies in two of the neonates has certainly contributed to the low survival rate.
In conclusion, we have confirmed that AoCo, when diagnosed in the fetus, is significantly associated with extra-cardiac and chromosomal anomalies. In addition, we have shown that, at least in this series, there is a consistent risk of FGR (21.6%) which, in addition, represents the single and most important bad prognostic indicator. These data should be considered during prenatal counselling in cases of suspected AoCo.
